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DESCRIPTION 
ELECTRIC POWER STEERING APPARATUS 

Technical Field 

[0001] The present invention relates to an electric power 

steering apparatus in which steering assist force is generated 
by an electric motor. 
Background Art 

[0002] In a rack assist type electric power steering 

apparatus, the rotation of an electric motor is slowed down by 
a reduction gear mechanism comprising a pulley-belt mechanism 
and thereafter converted into the axial movement of a rack shaft, 
for example, through a ball screw mechanism surrounding the rack 
shaft (see, for example, Japanese Examined Patent Publication 
No. 4 (1992) -28583) . 

[0003] The abovement ioned pulley-belt mechanism comprises 

a small pulley disposed on the same axis line with an output 
shaft of the electric motor, and a large pulley surrounding the 
rack shaft. 

[0004] A reduction gear mechanism of such a kind of 

electric power steering apparatus is required to be small-sized 
and at the same time to obtain a high reduction gear ratio. 
[0005] However, if the small pulley is made small-diameter 

for this purpose, the radius of curvature of a belt region wound 
on the small pulley becomes small and it is feared that the life 
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of belt is shortened because of its flexion fatigue. Besides, 
it is feared that torque transmission loss is caused by 
increased inner friction at curved portions of the belt. 
[0006] On the contrary, if the large pulley is made 

large-diameter, the whole apparatus becomes large thus to 
lessen its mountability on a vehicle. 

[0007] Therefore, an object of the present invention is 

to provide an electric power steering apparatus which is 
small-sized and suitably mountable on a vehicle, and can achieve 
a high reduction gear ratio and high durability. 
DISCLOSURE OF INVENTION 

[0008] For the purpose of solving the abovement ioned 

problem, an electric power steering apparatus according to a 
mode of the present invention comprises an electric motor for 
generating steering assist force, a reduction gear mechanism 
for reducing a rotation speed of an output shaft of the electric 
motor, and a conversion mechanism for converting the output 
rotation of the reduction gear mechanism into an axial movement 
of a steerable shaft extending in a transverse direction of the 
vehicle, and the reduction mechanism comprises an inscribed 
gear having external teeth and being rotatable inter lockingly 
with the output shaft of the electric motor, a circumscribed 
gear having internal teeth in which the inscribed gear is 
inscribed, a driving pulley integrally rotatable with the 
circumscribed gear, a driven pulley disposed so as to surround 
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the steerable shaft, and an endless belt for connecting the 
driving pulley and the driven pulley. 

[0009] According to this embodiment, the rotation speed 

of the output shaft of the electric motor is reduced by the 
inscribed gear and the circumscribed gear, and thereafter it 
is reduced by the ratio between the diameters of the driving 
pulley and the driven pulley. Since the speed reduction using 
the inscribed gear and the circumscribed gear can heighten the 
reduction gear ratio, a high reduction gear ratio can be 
achieved with a small-sized reduction gear mechanism as a whole 
without a small-diameter driving pulley or a large-diameter 
driven pulley, thus to obtain a good mountability on a vehicle. 
Further, since it is not necessary to reduce the radius of 
curvature of the region of the driving pulley on which the belt 
is wound, the life of the belt can be extended. 
BRIEF DESCRIPTION OF DRAWINGS 

Fig. 1 is a pattern diagram of the schematic structure 
of an electric power steering apparatus according to an 
embodiment of the present invention. 

Fig .2 is sectional view of the main part of an electric 
power steering apparatus. 

Fig. 3 is an enlarged sectional view of the main part of 
Fig. 2. 

Fig. 4 is a pattern diagram of a reduction gear mechanism. 
Fig. 5 is an enlarged sectional view of the main part of 



4 



an electric power steering apparatus according to another 
embodiment of the present invention. 

Figs. 6A and 6B are pattern diagrams of a reduction gear 
mechanism, in which the load increases from Fig. 6A to Fig. 6B. 
BEST MODE FOR CARRYING OUT THE INVENTION 

[0010] Preferred embodiments of the present invention will 

be described below with reference to the appended drawings. 
[0011] Fig. 1 is a pattern diagram of the schematic 

structure of an electric power steering apparatus according to 
an embodiment of the present invention. Referring to Fig. 1, 
the electric power steering apparatus (EPS) 1 comprises a 
steering shaft 3 connected to a steering wheel 2 as a steering 
member at an end of the steering shaft 3, a pinion 4 provided 
at the other end of the steering shaft 3, and a rack shaft 6 
as a steerable shaft having rack teeth 5 engageable with the 
pinion 4 and extending in the direction of the width (transverse 
direction) of a vehicle. 

[0012] Connected respectively to both ends of the rack 

shaft 6 are tie rods 7, each of which is connected through a 
corresponding knuckle arm (not shown) to a corresponding wheel 
8. When the steering wheel 2 is operated to rotate the steering 
shaft 3, this rotation of the steering shaft 3 is converted 
through the pinion 4 and the rack teeth 5 into linear movement 
of the rack shaft 6 in the lateral direction of the vehicle. 
Thereby, the rotational steering of the wheels can be achieved. 
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[0013] The steering shaft 3 is divided into an input shaft 

9 connected to the steering wheel 2 and an output shaft 10 
connected to the pinion 4 . The input shaft 9 and the output shaft 

10 are connected to each other through a torsion bar 11 on the 
same axial line. 

[0014] A torque sensor 12 is provided for detecting the 

steering torque on the basis of the relative rotational 
displacement amount between the input and output shafts 9, 10 
connected through the torsion bar 11. The steering torque data 
detected by the torque sensor 12 are given to a control section 
13. In the control section 13, electric current to be applied 
to a steering assist electric motor 15 is controlled through 
a driver 14 on the basis of the detected torque data, detected 
vehicle speed data or the like. The rotation speed of an output 
shaft 16 (see Fig. 2) of the electric motor 15 is reduced by 
a reduction gear mechanism 17 comprising a pulley-belt 
mechanism. The output rotation of the reduction gear mechanism 
17 is converted through a conversion mechanism 18 into the axial 
movement of the rack shaft 6 thereby to assist the steering. 
The electric power steering apparatus 1 is a so-called rack 
assist type one. 

[0015] Fig .2 is an enlarged sectional view of the main 

part of the electric power steering apparatus 1 and Fig. 3 is 
an enlarged sectional view of the main part of Fig. 2. 
[0016] Referring to Figs. 2 and 3, a rack housing 19 
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comprises a cylindrical main housing 20 and an end portion 
housing 21 connected to each other. A reduction gear housing 
22 is integrally provided at the connecting portion between the 
main housing 20 and the end portion housing 21. 
[0017] In concrete terms, the end portion housing 21 

comprises a small-diameter part 24 holding a rack bush 23 
slidably supporting the rack shaft 6, and a large-diameter part 
25 forming the reduction gear housing 22. A flange 26 provided 
at the end of the large-diameter part 25 and a side plate 27 
standing from the main housing 20 abut each other and are 
connected to each other by a connection screw 28. 
[0018] The electric motor 15 is juxtaposed with the rack 

housing 19 so that the output shaft 16 of the electric motor 
15 is in parallel with the rack shaft 6. A cylindrical connection 
housing 30 is integrally provided with a motor housing 29 of 
the electric motor 15 . An attachment flange 31 of the connection 
housing 30 and the side plate 27 of the main housing 20 abut 
each other and are connected to each other by a connection screw 
32. 

[0019] The connection housing 30 comprises a taper part 

33 connected to the motor housing 29, a cylindrical part 35 
inserted through a connection opening 34 of the side plate 27 
into the reduction gear housing 22, and an annular step part 
36 disposed between the taper part 33 and the cylindrical part 
35. By abutting the annular step part 36 against the side plate 



7 



27, the motor housing 29 is positioned in the axial direction 
with respect to the reduction gear housing 22 through the 
connection housing 30. 

[0020] Referring mainly to Fig. 3, the reduction gear 

mechanism 17 comprises an input shaft 38 connected to the output 
shaft 16 of the electric motor 15 in the same axial line, for 
example, through a joint 37 using serration, an inscribed gear 
39 formed on the circumferential surface of the input shaft 38, 
a circumscribed gear 40 in which the inscribed gear is inscribed, 
a driving pulley 41 provided on the outer circumference of the 
circumscribed gear 40, a driven pulley 42 (see Fig. 2) disposed 
so as to surround the rack shaft 6, and a belt 43 as an endless 
belt wound between the driving pulley 41 and the driven pulley 
42. 

[0021] The distance between the central axis line 39a of 

the inscribed gear 39 (namely, the central axis line 38a of the 
input shaft 38) and the central axis line 42a of the driven 
pulley 42, namely, the center to center distance D2 between the 
inscribed gear 39 and the driven pulley 42, is lager than the 
distance between the central axis line 41a of the driving pulley 
41 and the central axis line 42a of the driven pulley 42, namely, 
the center to center distance Dl between the driving pulley 41 
and the driven pulley 42. 

[0022] As shown in Fig. 4, for example, the belt 43 

comprises a toothed belt (cogged belt) , and the driving pulley 
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41 comprises a toothed pulley on the outer circumference of 
which teeth 44 are provided with equal spaces therebetween on 
the circumference so as to be engageable with the toothed belt. 
Similarly, the driven pulley 42 comprises a toothed pulley. 
[0023] Referring to Fig. 3 again, the input shaft 38 

includes a first end portion 45, a second end portion 46 and 
an intermediate portion 80 between the first and second end 
portions 45, 46. The first end portion 45 of the input shaft 
38 has, for example, serration, is inserted into the joint 37, 
and connected through the joint 37 to the output shaft 16 of 
the electric motor 15 so as to be rotatable integrally with the 
output shaft 16. Further, in the intermediate portion 80 of the 
input shaft 38, a portion 81 close to the first end portion 45 
is rotatably supported by a first bearing 47 held by a first 
support hole 48 of the cylindrical part 35 of the connection 
housing 30. 

[0024] An inner ring 49 of the first bearing 47 is held 

between a positioning step part 50 of the input shaft 38 and 
a check nut 52 screwed into a screw part 51 so that the axial 
movement of the inner ring 49 with respect to the input shaft 
38 is restricted. An outer ring 53 of the first bearing 47 is 
held between a positioning step part 54 of the first support 
hole 48 and a cylindrical setscrew 56 screwed into a screw part 
55 of the first support hole 48 so that the axial movement of 
the outer ring 53 is restricted. 
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[0025] On the outer circumference of the input shaft 38, 

the inscribed gear 39 is integrally formed from the second end 
portion 4 6 to the midway portion of the intermediate portion 
80 thus to be engaged with the circumscribed gear 40 formed on 
the inner circumference of the cylindrical driving pulley 41. 
[0026] The driving pulley 41 has a shape of a bottomed 

cylinder and comprises a first end portion 91 and a second end 
portion 92. The first end portion 91 of the driving pulley 41 
is opened and the second end portion 92 is closed by an end face 
plate 57. A support shaft 58 is formed so as to extend along 
the central axis line 41a of the driving pulley 41 from the end 
face plate 57 of the driving pulley 41. A second bearing 59 is 
held by a second support hole 60 in the cylindrical part 35 of 
the connection housing 30. The second bearing 59 is a support 
means for supporting the driving pulley 41 rotatably about the 
, central axis line 41a through the support shaft 58. Further, 
since the driving pulley 41 is supported also by the 
abovementioned input shaft 38, it is supported at both ends and 
its operation is stable. 

[0027] The support shaft 58 is fitted into an inner ring 

85 of the second bearing 59 so as to be integrally rotatable 
with the inner ring 85 of the second bearing 59. Further, the 
end face plate 57 of the driving pulley 41 is in contact with 
the end face of the inner ring 85, the axial movement of the 
driving pulley 41 is restricted. An outer ring 86 of the second 
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bearing 59 is press fitted into the abovement iond second support 
hole 60. 

[0028] The cylindrical part 35 of the connection housing 

30 contains the inscribed gear 39, the subscribed gear 40 and 
the driving pulley 41. Further, the cylindrical part 35 has an 
opening 94 for passing the belt 43 therethrough. The first end 
portion 91 of the driving pulley 41 is opposed to the edge of 
the opening 94 with a small distance therebetween, so that 
excessive inclination of the driving pulley 41 is restricted. 
[0029] Referring to Fig. 2 again, as the conversion 

mechanism 18, for example, a ball screw mechanism or a bearing 
screw mechanism (see, e.g. Japanese Unexamined Patent 
Publication No .2000-46136) is used for converting the 
rotational movement into the linear movement. In this 
embodiment, an example of using a ball screw mechanism is 
described. The conversion mechanism 18 includes a ball nut 61 
as a rotational member surrounding the circumference of the rack 
shaft 6. 

[0030] The ball nut 61 is threadedly engaged with a ball 

screw thread 62 formed in the midway portion of the rack shaft 
6 through balls 63 thus to constitute the conversion mechanism 
18. The ball nut 62 is rotatably supported by the rack housing 
19 through a third bearing 64 and a fourth bearing 65. 
[0031] Further, the abovementioned driven pulley 42 is put 

on the outer circumferential part 66 of the ball nut 61 so as 
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to integrally rotate with the outer circumferential part 66 of 
the ball nut 61. In concrete terms, since an inner ring 70 of 
a fourth bearing 65, an annular spacer 71 and the driven pulley 
42 are integrally held between a positioning step part 67 formed 
on the outer circumferential part 66 of the ball nut 61 and a 
check nut 69 threaded into a screw portion 68 of the outer 
circumferential part 66, the driven pulley 42 is attached to 
the ball nut 61 so as to integrally rotate therewith. Besides, 
the inner ring 70 of the fourth bearing 65 and the driven pulley 
42 are restricted from moving in the axial direction with 
respect to the ball nut 61. 

[0032] Since an outer ring 72 of the fourth bearing 65 is 

held between a positioning step part 73 of the main housing 20 
of the rack housing 19 and a setscrew 75 threaded into a screw 
portion 74 of the main housing 20, the outer ring 72 is fixed 
to the main housing 20. Thereby, the fourth bearing 65 restricts 
the axial movement of the ball nut 61 and the driven pulley 42. 
The fourth bearing 65 comprises, for example, a doublerow 
angular contact ball bearing. 

[0033] According to this embodiment, the rotation speed 

of the output shaft 16 of the electric motor 15 is reduced by 
the inscribed gear 39 and the circumscribed gear 40, and 
thereafter further reduced by the ratio between the diameters 
of the driving pulley 41 and the driven pulley 42. Since the 
speed reduction using the inscribed gear 39 and the 
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circumscribed gear 40 can heighten the reduction gear ratio, 
a high reduction gear ratio can be achieved with the small-sized 
reduction gear mechanism 17 as a whole without decreasing the 
diameter of the driving pulley 41 or increasing the diameter 
of the driven pulley 42, thus to obtain a good mountability on 
a vehicle. Further, since it is not necessary to reduce the 
radius of curvature of the region of the driving pulley 41 on 
which the belt 43 is wound, the life of the belt 43 can be 
extended . 

[0034] Further, since the reduction gear housing 22 

supports the driving pulley 41 through the second bearing 59 
so as to rotate about its central axis line 41a, the driving 
pulley 41 can be stably supported. 

[0035] Fig. 5 illustrates another embodiment of the 

present invention. Referring to Fig. 5, this embodiment differs 
from the embodiment of Fig. 3 mainly in the following point. 
That is, in the embodiment of Fig. 3, the driving pulley 41 is 
supported rotatably about its central axis line 41a, while in 
this embodiment, the driving pulley 41 0 is swingably supported 
by the inscribed gear 39 of an input shaft 380. In Fig. 5, similar 
parts to those of Fig. 3 are designated with the same reference 
characters and description thereof will be omitted. 
[0036] The driving pulley 410 has a through hole 93 opened 

at a first end portion 91 and a second end portion 92. The input 
shaft 380 comprising a penetrating shaft penetrates through the 
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through hole 93 of the driving pulley 410 . The second end portion 
46 of the input shaft 380 is rotatably supported through the 
second bearing 59 by the second support hole 60 in the 
cylindrical part 35 of the connection housing 30. 
[0037] The cylindrical part 35 of the connection housing 

30 has an opening 94 for passing the belt 43 therethrough. At 
the edge portions of this opening 94, a pair of guide parts 76, 
77 are formed so as to be opposed to the first and second end 
portions 91, 92, the driving pulley 410, respectively. By the 
pair of guide parts 76, 77, the axial movement and rotational 
rocking of the driving pulley 410 are restricted and at the same 
time the rotation of the driving pulley 41 is guided. Thereby, 
the rotational rocking of the driving pulley 410 can be 
prevented, so that torque transmission loss can be reduced. 
[0038] On the other hand, since the center to center 

distance Dl between the driving pulley 410 and the driven pulley 
42 is smaller than the center to center distance D2 between the 
inscribed gear 39 and the driven pulley 42 (Dl < D2) , and besides, 
the driving pulley 410 is swingably supported by the inscribed 
gear 39, the following effects and advantages can be obtained. 
[0039] That is, when the load of the reduction gear 

mechanism 17 increases as shown in Fig. 6B from the transmission 
state shown in Fig. 6A, the swing amount of the driving pulley 
410 increases and the center to center distance Dl between the 
driving pulley 410 and the driven pulley 42 becomes large, so 
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that the tension of the belt progressively increases. As a 
result, a large output can be transmitted. In such a way, the 
tension of the belt can be made to be of a load-sensitive type 
and therefore the initial tension (tension in the unloaded 
state) of the belt is restricted to be low, so that the life 
of the belt can be extended. 

[0040] Further, in the present invention, a flat belt or 

a chain belt can be used instead of a toothed belt. 
[0041] Furthermore, an inscribed gear formed separately 

from the input shaft may be attached to the outer circumference 
of the input shaft. A circumscribed gear formed separately from 
the driving pulley may be attached to the inner circumference 
of the driving pulley. 

[0042] While the invention has been described in detail 

with respect to specific embodiments thereof, it will be 
appreciated that those skilled in the art, upon attaining an 
understanding of the foregoing, may readily conceive of 
alterations to, variations of, and equivalents to these 
embodiments. Accordingly, the scope of the present invention 
should be assessed as that of the appended claims and any 
equivalents thereto. 



